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Abstract

This compendium of SEGR and SEB data organizes results from several laboratories comparing' failure
thresholds for several different manufacturers and technologies. The results of this compendium are aimed
at the designer to show the possible variations between manufacturers and processes. The compendium
incorporates previously published data with the most recent data obtained from various sources.

1. Introduction

Over the past several years, an enormous amount
of work has been done to quantify and under-
stand the effects of single ion strikes on power
MOSFETs [1,2,3,4). Most of the data in this
compendium summarizing single event gate
rupture (SEGR) and burnout (SEB) have been
contributed by the following laboratories desig-
nated by the abbreviations in parentheses: Jet
Propulsion Laboratory (JPL); the Boeing Com-
pany (BREL); Naval Surface Warfare Center
(NSWC); Rockwell International, now part of
Boeing, (Rock); the Aerospace Corporation
(Aero); and Honeywell Space Systems Group
(HON). Additional data have been contributed
by the French Space Agency (CNES), Harris and
International Rectifier Corporations (HAR and
INR), European Space Agency (ESA), Johns-
Hopkins (JH) and the University of Arizona
(UA). Other contributors who would like to
have their data included in future compendia
should contact Jim Coss at JPL.

This compendium presents both tabular and
graphical data sets showing the failure and/or
passing drain-source voltages (V4) for either
single event gate rupture (SEGR) or single event
burnout (SEB) of power MOSFET devices only.
As evident from the data, n-channel devices are

generally more susceptible to either phenomena
than p-channel devices. A major difference is
the effect of temperature. Higher temperatures
tend to exacerbate SEGR, but improves SEB
susceptibility. Other recent work has also shown
that power MOSFETs can be damaged by proton
or neutron strikes [5]. This data is included in
the tables, but without graphical presentation.

There has also been some testing done to deter-
mine the prevalence of SEB in bipolar power
transistors. Obviously, because bipolar devices
do not have a gate, SEGR cannot occur. Al-
though SEB has been seen in a few npn-bipolar
power transistors, there have been no reported
instances in pnp-bipolar transistors. Because
there is such limited data for bipolar power tran-
sistors, these data are not presented here.

The main purpose of this work is to give design-
ers an appreciation for the great variation in Vg
failure voltage for different manufacturers, and
in many cases for different processes from the
same manufacturer. Some semiconductor manu-
facturers, mainly International Rectifier and Har-
ris, have made numerous process changes to en-
hance device resistance to total dose and/or sin-
gle event effects. The data presented here has
been gathered by various test groups over a ten-
year span, which accounts for some of the high

1 This research was performed by the Jet Propulsion Laboratory, California Institute of Technology under
contact with the National Aeronautics and Space Administration, Code AE.
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variability in failure thresholds.
II. General Testing Techniques

Testing techniques for SEGR and SEB have
changed little over the years. Although the Japa-
nese have a non-destructive method for charac-
terizing the critical charge required for burnout
[6,7], which might also be extended to SEGR, it
has not been widely accepted by U.S. experi-
menters.

In general there are only two test methods in
wide use, both of which are destructive, which
makes doing thorough evaluations difficult and
costly. The first technique establishes a Vs
failure threshold by irradiating a device with
several different ions, with different LETs (with
fixed temperature and V operating conditions)
to create a “classic” cross section vs. LET curve.
This requires a large number samples because of
the destructive nature of the test, i.e., each data
point destroys a test sample.

The second technique establishes the Vy, failure
threshold under fixed V, and temperature con-
ditions using a given ion group, typically either
Fe/Ni/Co, or Kr/Br, dependent on worst-case
requirements. In this technique, Vg and tem-
perature are held constant and V4 incrementally
increased until failure, or rated BVy,, is reached.
Vgs is then raised and experiment repeated until
either rated V4 or Vi is reached. Knowing the
voltage failure threshold allows the designer to
apply reasonable derating guidelines. In addition
to destruction of samples, this technique also
requires a large sample size because the total
dose accumulation from repeated irradiations
may skew the failure thresholds.

111. Organization and Scope of Data

Some early data has been expunged from the
compendium because the data was incomplete
(no ion species or test facility defined, etc.).
Previous testing has provided a great deal of data
in the LET range of 27 to 38, with lesser
amounts of data at higher and lower LETs. Ad-
ditional data using V, and Vg, values in excess
of rated values are also included in the tables, but
not in the graphs. Although this type of data has
been used to theoretically predict failure thres-
holds [8], it was felt that limiting the graphical
data to manufacturer’s specifications was of
more interest to the design community. A sec-
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ond reason for not including this data in the
graphs is the paucity of available data.

The tables have also been rearranged from previ-
ous versions and the latest data additions high-
lighted in bold print for emphasis. The n- and p-
channel data have been separated into different
tables (Tables 1 and 2) for ease of analysis, and
failure thresholds from the same test have been
made separate line items. Previously, the de-
vices were arranged by BVy under a given
manufacturer, regardless of channel type or test
Vgs. The n- and p-channel are now arranged in
sections of increasing BVy,, then alphabetically
by manufacturer and increasing Vg. The Vg
separation is because of the importance of Vi in
determining V failure thresholds.

Because the BV, range is so wide (60 — 1000V)
a plot of absolute failure thresholds would re-
quire presentation on a semi-logarithmic scale.
This tends to crowd the data points, making data
interpretation difficult. To alleviate this prob-
lem, the absolute failure threshold is normalized
to the rated BVy,. Figures 1 -5 show the nor-
malized failure voltage as a function of applied
Vg at 0, 5, 10, 15 and 20 V, which show the Vi,
dependence more clearly. Because the p-channel
data devices was so sparse, there are only graphs
for Vgs =0 and 15 V (Figures 6 and 7).

The bulk of the data has been collected over the
LET ranges of 27 to 38 because this is consid-
ered to be a credible worst case for cosmic rays.
Studies have shown that, as opposed to single
event latchup, the cosine law does not hold for
SEGR, i.e., normal incidence is worst case.

However, even with normal incidence irradiation
some concerns have been raised that ion ranges
specified for testing (usually 35-40 pm) by vari-
ous programs, such as Space Station, may be
insufficient for accurate determination of failure
thresholds in higher voltage rating devices (400-
1000 V). Although these device classes have
typically shown failure with these shorter range
ions at approximately 50 to 80% of rated Vi,
questions have been raised as to whether the
failure thresholds may be even lower with longer
range ions. This is due to the device and oxide
thicknesses requited to hold off the higher volt-
ages.



IV. Conclusions

This compendium presents the most up to date
information on SEGR/SEB testing of power
MOSFETs that we are aware of, and provides
designers with a useful database for selection of
spacecraft and satellite parts. Although extrapo-
lations from data using lower LET ions may be
useful, care must be taken because of the ex-
treme non-linearity of failure as a function of
LET, applied Vg and Vy, and temperature.
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Failure Voltage (Normalized to rated Vds)
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Failure Voltage (Normalized to rated Vds)

Normalized BV 4 Failure (V,, =5 V)
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Failure Voltage (Normalized to rated V)

Normalized BV 4 Failure (V,, =10 V)
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Failure Voltage (Normalized to rated V)

N-Channel Devices

Normalized BV 4 Failure (V=15 V)
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Failure Voltage (Normalized to rated V)

N-Channel Devices
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Failure Voltage (Normalized to rated V)
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P-Channel Devices
Normalized BV 4 Failure (Vy, =15V)
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